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ABSTRACT
Activities at Nammo directed towards nano-launcher development have been growing for many years now. The
main focus is on hybrid rocket motorization development, launcher architecture and system studies, all with various
level of support from the Norwegian Space Center, the European Space Agency (ESA) and the European
Commission. The future concept of operation of the launcher has been identified, which makes extensive use of
existing Norwegian space infrastructure. The targeted launch capacity is 20-35 kg to LEO initially, 50 kg potentially,
from a launch site ideal for polar and Sun-Synchronous Orbits (SSO). The use of hybrid propulsion is the key to
enable launcher mission flexibility and a low-cost approach. Recent motor test campaigns have demonstrated
consistent high performance, essential for an efficient launcher propulsion system. To demonstrate the performance
of Nammo’s hybrid technology, Nammo and the Andøya Space Center (ASC) are getting ready to launch a sounding
rocket in the spring 2017, the Nucleus, which will be the first Norwegian-designed and -built rocket to reach space.
Selecting the right nano-launcher architecture, performing detailed system and optimization studies while carefully
balancing cost and performance are among the upcoming activities.

and since their key features are responsiveness, lowcost and flexibility, the same has to be applied to their
launch service. So far, most of these new satellite
companies have to rely on the big players to get their
access to space through hitchhiking as secondary
payloads on large institutional launchers. One niche has
already been taken by deploying them from the ISS
(NanoRacks and JAXA), but these apparently cheap
solutions are still based on an extremely expensive
platform. The release from a relatively fixed platform is
not as flexible as desired either, as it only provides the
nanosat with an orbit limited to the inclination of the
Space Station.

INTRODUCTION
Hybrid propulsion has gained a lot of interest in the last
decade as a promising solution for sounding rockets and
nano-launcher applications. Hybrid propulsion is an
appealing technology, taking advantages from both the
liquids and the solid motors, such as simplicity, low
cost, safety and fast responsiveness. The space market
itself is evolving towards nano- and micro-satellites,
which are increasingly utilized for all kind of purposes.
This trend appears to expand into small satellites
constellations, a market which many start-up companies
are already investing in, e.g. Skybox, BlackSky Global
and Planet Labs. They are claiming their spot on the
stage next to the big players by having a much faster
response to market needs as well as by providing
affordable satellites for: high-definition imaging,
climate data acquisition, maritime shipping assets
tracking or In Orbit Demonstration and Validation
(IOD/IOV). Their business concept seems to
completely out-compete the big players and they are
attracting venture capital as well as the attention of big
multinational enterprises not normally active in the
space business.

The need for a dedicated launch service for these ever
more powerful nanosats, is quite clear to everybody in
the space community. The challenge lies in their limited
launch mass, which represents the low-end of the
satellite mass range for which no institutional launchers
have been developed. In response to this need, several
commercial space companies have already claimed that
they will soon be ready to offer to the market their own
version of such a new launch service, i.e. Virgin
Galactic's LauncherOne, Rocket Lab’s Electron, S3's
Space Plane SOAR and Firefly Space System’s Firefly
Alpha.

The Norwegian initiative, or NorthStar, with Nammo,
Andøya Space Center (ASC) and the Norwegian Space
Center (NRS) as main contributors, is moving along a
path leading to a solution which will provide this
emerging market a dedicated launch service. All these
new satellites need an affordable way to get into space,
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In a draft request for proposals released in May 2015,
NASA said it is seeking to fund one or two dedicated
launches to carry 60 kilograms of cubesats to Low
Earth Orbit in 2018. The request does actually only call
for the launch service, it is not defining what launch
vehicle is to be used. With any operational options yet,
NASA is merely stating their support of the above
mentioned initiatives and that they are willing to
purchase their services, when they become available. A
2010 initiative from NASA offering a multimilliondollar prize competition to support the development of
a dedicated nanosatellite launch vehicle as part of its
Centennial Challenges program was canceled in
December 2012 based on the argument that none of the
commercial competitors had the expertise or the means
to fulfill the task of developing a complete new nanolauncher. This should be a reminder that the challenge
of developing a dedicated nano-launcher should not be
taken lightly!

THE NORWEGIAN PERSPECTIVE
Most Norwegian space activities have been motivated
by geographic factors. Norway is an elongated country,
reaching far to the north, with a sea area more than six
times larger than its land area (see Figure 1). With a
scattered population, rugged topography, long distances
to cover and harsh climatic conditions, space is an
attractive place to monitor its own territory from. In
addition, Norway’s economy includes heavy elements
of natural-resource extraction and maritime transport.
There is a priority towards the use of navigation,
communication and earth observation satellites to
address needs related to ship traffic, fisheries,
agriculture, offshore petroleum and the public
supervision of maritime activities.

For the NorthStar Launch Vehicle, the focus has
primarily been placed on the development of low cost
propulsion and securing its availability before starting a
selling campaign of a launch service and the
manufacturing of the final launch vehicle per say. In
this scenario, hybrid propulsion has been considered the
most credible technology to be applicable for a future
affordable dedicated space transportation system for
small to very small satellites. By basing the concept on
a modular, low cost and green approach, the rocket
motors developed for the dedicated launcher, simply
called Unitary Motors (UM), will also be attractive to
the scientific world as the motors for sounding rockets.
Microgravity flights remain an active and appealing
sector for scientific and technological application of
reasonably sized rocket motors. In truth, the risk is
much more manageable if the propulsion is first offered
to the sounding rocket market in order to obtain
operational flight experience from a less demanding
application. This is therefore chosen as the path forward
for the NorthStar Launch Vehicle.

Figure 1: Norway's Sea Areas Are 6x Larger than its
Land Areas
All these priorities and the will to exploit the
geographic and territorial advantages of Norway have
led to considerable investments in space infrastructure.
Norwegian infrastructure is positioned on Svalbard, on
Jan Mayen Island and in Antarctica, which has made
Norway an attractive space partner for international
cooperation.

Figure 2: The SvalSat Satellite Control Station
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And with the TrollSat station on Antarctica, Norway
can offer launch, orbit insertion and multiple download
and control points of your nanosatellite from
Norwegian territory. It can offer an around-the-globe
service.

Infrastructure in Place
The same infrastructure is one of the driving forces
behind the initiative to develop a launch service for a
dedicated nano-launcher from Norway. Norway’s
space-related ground infrastructure with relevance to
nanosats and the launcher program consists of:







Nammo Rocket Motor Factory and Test Facility
Another important objective for space investments in
Norway has been to stimulate growth and innovation in
Norway’s high-tech economy. Nammo Raufoss is a
renowned manufacturer of rocket motors for tactical
missiles and space applications. They are delivering
rocket motors for the separation of the main boosters
from Ariane 5 and will be involved in Ariane 6 as well.
With their move into hybrid rocket motor technology,
they have been put into the position to develop, test and
manufacture rocket motors large enough to power
sounding rockets and a nano-launcher.

SvalSat, the largest ground station on earth for
control of polar-orbiting satellites and data
reception
TrollSat, a satellite station on Antarctica, that
is part of the global network of ground stations
Tromsø Satellite Station, Nittedal, Oslo and
Eik are all land based control stations
Andøya Space Center (ASC) which includes a
launch facility and provides research support
to scientists studying atmospheric phenomena,
primarily through the launch of rockets and
research balloons.
Svalbard Rocket Range (SvalRak) an
alternative launch site for ASC

To support the development of the hybrid technology
Nammo has invested in a state-of-the-art test facility for
green propulsion, with the capacity to test the first stage
of a nano-launcher with a sea level thrust up to 500kN.

As a coastal island far from major settlements,
Andøya’s location is a competitive advantage for
launching rockets (see Figure 1 and Figure 3). There is
a vast sea area, no air restrictions and it is situated at
high latitude with a year-around access, which makes it
the ideal place for launching into polar or SunSynchronous Orbits.
The SvalSat satellite station is ideally placed to assist
under the launch of a nano-launcher from Andøya, as it
can take over control and perform orbit insertion when
Andøya has disappeared behind the horizon.

Figure 4: Test Facilities for Testing of Large Hybrid
Rocket Motors

Figure 3: Launch from Andøya Passes Primarily
over Vast Sea Areas
Haemmerli

3

29th Annual AIAA/USU
Conference on Small Satellites

FROM SOUNDING
LAUNCHER

ROCKET

TO

The Norwegian initiative has at its conception adapted
the following philosophy:

NANO-

The Norwegian initiative, with its focus on low cost
propulsion, is divided into three main phases (see
Figure 6). Each phase will be based on one major motor
development task, which in turn will enable the design
of a new stage and a new vehicle. The only exception is
Phase 1, which will produce two new vehicles, both
based on the same rocket motor, with the larger vehicle
having motors in a clustered configuration. The final
goal of Phase 1 is the 2-stage sounding rocket NorthStar
1 (see Figure 5), but it will also include the
development of the Nucleus, the one stage sounding
rocket which is based on a single Unitary Motor for the
propulsion. Although the smallest vehicle, the Nucleus
will be the test platform for the in-flight testing of the
propulsion and it will be used during its development to
build experience on the handling of rockets based on
hybrid propulsion at the Andøya Space Center. Without
acquiring such expertise at a smaller scale, the task to
master this at the larger scale could easily become too
hard to handle. The complete NorthStar family is
presented in Figure 5 and the link between the vehicles
and the project phases shown in Table 1.









Primary goal is to offer sounding rocket launch
services
Secondary goal is to develop a nanosatellite
launch service if economically viable
Incremental progress through a spiral development
concept
Each step has a clear goal and a well-defined
outcome
For each step, the confidence in the concept grows
Modularity is the basis for keeping the cost down
Modularity combined with the flexibility and
robustness of the hybrid engines allows for future
upgrades

The logic behind the NorthStar Development Process is
illustrated in Figure 6. Each of the phases includes the
development of a motor and the development of a new
vehicle. Incremental improvements will be made while
the design work progresses and more expertise is
harvested from the operational handling of the hybrid
rockets during sounding rocket campaigns.
Phase 1

Small Booster

Phase 2

Large Booster

Phase 3

North Star Development Process

Three Stage
Nano-Launcher

= Incremental improvements
Third
Stage
Large
Two Stage
Sounding Rocket

Small
Sounding
Rocket

Corona
Aurora
Borealis

Corona

Aurora
Borealis

Large
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Two Stage
Sounding
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Borealis

Nucleus
Aurora

Nucleus

Figure 5: The Complete NorthStar Rocket Family
(Source: ASC/Nammo)

Unitary Motor 1

Unitary Motor 2

High Performance Hybrid
Engine Development

Figure 6: Illustration of the Logic behind the
NorthStar Development Process

Table 1: Phased Approach of the Program

A "Small Space" Approach
It is crucial for the NorthStar concept that the
component cost is kept at cost levels acceptable to the
sounding rocket and the nanosat market. There are at
the moment many more sounding rocket launches than
dedicated nano-launcher campaigns, although this
might change instantly when such a nano-launcher
becomes available. The decision has already been made
to base the concept on a propulsion system which is
based on low cost hybrid propellant as compared to the
high cost solid propellant based solutions.

To keep the cost under control, a phased approach has
been adopted which takes the project forward through
smaller, discrete steps, with each step being affordable,
with each step making the project move closer to the
final goal and with each step resulting in a new building
block which can be used for the next step.
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However, the hybrid engines do need valves, piping and
tanks which need to be manufactured in reliable and
affordable ways. If the established space industry ("Big
Space") influences the selection and prices of the
components based on the quality regimes from Big
Space, the possibility to share complete stages with the
sounding rocket market disappears also and transition to
a low cost dedicated launcher will become harder.
During all phases of the development there needs to be
a constant drive for selecting lower cost solutions and to
avoid non-value-added activities. The market has
already accepted small satellites designed based on
"New Space" and "Small Space" principles. What we
need is a similar acceptance of adapted design
principles for the dedicated nanosats launcher. Military
surplus rockets seem to suffice for large sounding
rockets. The nano-launcher will not be much larger than
a large sounding rocket. So why impose the quality
regime based on Big Space principles on the "Small
Space" nano-launcher?

Figure 8: The Launch of a LOX/HTPB Hybrid
Rocket from Andøya (Picture: ASC)

With Sounding Rockets as the Starting Point
In Northern Norway, Andøya Space Center (ASC)
operates a launch site for sounding rockets and
scientific balloons. The site has been operative since
1962 and has launched around 1500 sounding rockets
(see Figure 7 and Figure 8). It has a close cooperation
with ESA, NASA, German Aerospace Center (DLR)
and the Japan Aerospace Exploration Agency (JAXA)
on scientific sounding rocket campaigns. ASC has
offered launch services based on rockets up to 10 tons,
but has a capacity of up to 20 tons. They construct their
own payloads and payload sections and offer space
education through their subsidiary NAROM
(Norwegian Centre for Space-related Education).
Andøya Space Center is located at 2 degrees north of
the Arctic Circle in northern Norway, making it ideally
situated for scientific research in the auroral oval (see
Figure 9).

Figure 9: Andøya Space Center, Located North of
the Polar Circle (Source: ASC)
Andøya Space Center does not manufacture rocket
motors and therefore depends on acquiring rocket
motors on the open market or on their customers to
provide their own rocket motors. Increasing difficulties
in acquiring suitable rocket motors for their customers
has made them approach the rocket motor manufacturer
Nammo Raufoss (Nammo) for a solution to this
problem. Recent successes with hybrid propulsion made
by Nammo facilitated an opportunity to develop
environmentally friendly, flexible and safe rocket
motors.
In 2008, ASC and Nammo conceived the vision to
cooperate on the realization of a family of rockets based
on hybrid rocket propulsion. They nurtured a plan to
develop and introduce environmentally friendly,
flexible and safe rocket motors to the market. The
family of rockets created was called the NorthStar
Rocket Family.

Figure 7: Sounding Rocket Launch (Picture: ASC)

Haemmerli
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NAMMO’S HYBRID TECHNOLOGY

The NorthStar Rocket Family is based on a modular
concept of Nammo’s hybrid rocket motors clustered
together to form a 2-stage sounding rocket for scientific
research. There are plans for two sizes of these 2-stage
sounding rockets, see Figure 10. Ultimately, these
“launcher elements”, will form the basis of a small
launcher (Figure 11).

The conception of the NorthStar Rocket Family is
based on the know-how which Nammo has acquired
since 2003 on hybrid rocket propulsion technology.
Several research and technology programs have been
completed since, either nationally or in cooperation
with partners like Lockheed-Martin, ESA, SAAB
Dynamics, and ONERA to name a few 8 9 10. The major
outcome of these technology demonstrations and
maturation programs has enabled Nammo to master the
technology of hydrogen-peroxide (H2O2) and
hydrocarbon fuel based hybrid rocket motors. The
motors developed at Nammo combine the
environmental friendliness and cost effectiveness of a
H2O2-HTPB hybrid rocket motor, with a high
regression rate and an excellent overall combustion
efficiency (up to 98%). With these efficiencies proven
and repeatedly confirmed3 8 9, Nammo has opened the
door for a new look at implementing hybrid rockets into
real applications.

Figure 10: The Two 2-stages Sounding Rockets from
the North Star Rocket Family (Source ASC)

Figure 12: One of the First Firings of the Hydrogen
Peroxide Based Hybrid Rocket.

Figure 11: Artist Impression of the North Star
Launch Vehicle (NSLV) Concept (Source: ASC)

Figure 13: Extreme Throttling of the Hybrid Rocket
Motors from Nammo
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The upscaling of the hybrid motor was the first step
towards the realization of the initiative. This objective
has been achieved 3 6 by Nammo within the umbrella of
the ESA program FLPP (Future Launcher Preparatory
Programme), funded by the Norwegian Space Agency
and ESA. FLPP aims at fostering new promising
technologies for future European access to space.

Table 2 Motorization of the Different Stages

Before hybrids can be considered as a likely candidate
for future space propulsion missions, the experimental
demonstration at a significant scale of the hybrid
propulsion performance is needed. The upscaling
activities accelerated during 2014, with the completion
at Nammo Raufoss of the new large scale test facility
for hybrid rocket engines7 (see Figure 4) and the
successful ground testing of the Unitary Motor. The
new test facility is large enough to support the
development of the complete launch vehicle.

The Unitary Motors are all based on a novel concept of
hybrid rocket engine technology developed by Nammo.
It uses high concentration hydrogen peroxide (87.5%
H2O2)
as
oxidizer
and
hydroxyl-terminated
polybutadiene (HTPB) rubber as fuel. Figure 14 shows
the working principle of the Unitary Motor 1, which is
used as an example to provide characteristics of the
Unitary Motors and to illustrate the concept. The
incoming liquid oxidizer, with a mass flow of about 11
kg/s, is decomposed into hot steam and gaseous oxygen
to a temperature of 670°C passing through a catalyst. It
then continues through the injector and enters the
combustion chamber in hot gaseous form, where
ignition of the hybrid combustion occurs instantly
without any dedicated ignition device due to the high
temperature which is sufficient to vaporize the solid
fuel. The vortex flow-field in the chamber generated by
the injector helps in maintaining a high heat flux into
the fuel surface and in achieving appropriate mixing of
the reactants. Ultimately, this allows sustaining a high
combustion efficiency. The hot combustion gases are
then expelled through a standard nozzle, generating
close to 30 kN of thrust (for the Unitary Motor 1).

The Unitary Motor Concept
As already mentioned, the NorthStar Rocket Family is
based on a modular concept consisting of hybrid rocket
motors clustered together. Modularity is obtained at
different levels: at component level, at the propulsion
level and at the level of the stages. For the intended
market, cost is essential. Reusability of components will
lead to cost reductions through volume production and
increased reliability through automated production. The
reuse of the propulsion is primarily based on two high
thrust motors, the Unitary Motor 1 and the Unitary
Motor 2. With these two motors all sounding rocket
configurations can be achieved (Figure 5). Only for the
launcher option, a third high performance engine with a
more moderate thrust requirement and longer burn-time
is needed to obtain orbit insertion. All Nammo's hybrid
rocket motors are in principle throttleable (Figure 13)
and capable of repeated stop and restart, but for the
third stage engine this will be a hard requirement to
enable accurate orbit insertion.
The reuse of the stages can be seen clearly in Figure 5
and is highlighted by the distinctive colors for the name
tags of each of the stages. Table 2 below links the
different motors with the different stages and lists some
indicative performance.

Haemmerli
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Compared with solid rocket motors, the Unitary Motor
designed by Nammo has a rich set of attractive features,
which are:








self-ignition increasing engine start reliability
and enabling an unlimited restart capability,
wide range throttling with limited performance
losses,
green life cycle and exhaust properties,
solid inert fuel and high-density green storable
oxidizer,
high engine combustion efficiency, performance
and stability,
simplicity of a single circular port and single
feedline configuration,
low development and operational costs,

Figure 15: Thrust Measured During the 4th HWUM
Firing on November 28th, 2014 (measured data
filtered down to 3 Hz).

Most of these properties are shared with the inherent
properties of other hybrid propulsion technologies, but
some of them are unique for the H2O2 based
technology perfected by Nammo.

For all development tests, the oxidizer mass flow was
kept stable and constant for the entire burn time, within
less than 1 percent of the motor design level. This
means that the 30 kN UM1 is capable to hold a constant
thrust level all throughout the firing when submitted to
a constant oxidizer mass flow. Both the start-up
transient and the shut-down transient are fast and
responsive, important properties in an operational
situation where a quick response is required either way.

Some of these features are common with liquid rocket
engines, but compared with liquid engines, the
architecture of the Unitary Motor is much simpler and
the same features are obtained for a fraction of the cost.

Motor Test Results
The performance of the first Unitary Motor (UM1) has
been proven during a Heavy Wall (HWUM) test
campaign in late 2014, early 2015. The Flight Weight
(FWUM) version has just entered its test program and
was fired for the first time on 19th May 2016.
The test campaigns are based on a steadily increasing
burn time. The fact that burn time can be gradually
increased during the test campaign demonstrates
effectively one of the major advantages of hybrid
rockets which is to allow the firing to stop at any point
in time. It also demonstrated the robustness of the
hybrid technology and its modularity by nature. The
ability to make minor adjustments to components based
on the firing results from the prior firings allows for
swapping components with an updated version
basically overnight.

Figure 16: HWUM During the 4th Firing on
November 28th, 2014.
One can especially notice in Figure 16 the lack of a
smoke trail behind the visible plume. This is a
confirmation of the near perfect combustion (only water
and carbon dioxide) which has been achieved in all
firings.
Table 3: Test Result of the 5th HWUM firing,
Averaged over the Full Burn Duration and
Compared with the Target Motor Design.

The UM1 demonstrated great behavior in terms of both
performance and stability since the first test firing, and
continued to do so throughout the rest of the campaigns.
Figure 15 displays the recorded thrust profile from one
of the final firings of the heavy wall version. The thrust
level is very consistent throughout the entire burn time,
remaining constant for the 20 sec. burn-time
programmed for this test.
Haemmerli
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As shown in Table 3, the performance achieved by the
UM1 has been above expectation, notably in terms of
overall engine efficiency, which takes both the
combustion efficiency and the nozzle efficiency into
account. Reaching 95% of overall engine efficiency
already after the 5th firing is a fantastic value for a
development program of a new and up-scaled rocket
motor technology. The reproducibility between
consecutive firings was as well very satisfactory. To
conclude, the test campaign confirmed the expected
great features and capabilities of Nammo's hybrid
technology in the heavy wall configuration of the
Unitary Motor, making it ready for the next design
iteration into the Flight Weight configuration.

DEMONSTRATION
NUCLEUS

LAUNCH

OF

THE

The North Star rocket family is based on the principle
of reusing building blocks in different configurations.
For this phase of the project, the building block for the
propulsion is the Unitary Motor 1 and it will be used in
two rockets. In its simplest configuration the Unitary
Motor is used to power the single engine rocket, the
Nucleus (see Figure 5). In the next step, the same motor
will be used in a cluster of 4 motors for the second
stage of the NorthStar 1. The Nucleus and the NorthStar
1 are designed for performances which are comparable
or surpassing popular sounding rockets like the
Improved Orion or the VS30-Improved Orion
combination.

The FWUM has been designed to provide an additional
improvement over the heavy-wall by replacing overdimensioned parts with optimized parts, but it also
increases the capabilities of the UM1. Based on
discussions with the user community, the capabilities of
the UM1 are adjusted to a larger total impulse
capability of approximately 1000 kNs; performance
achievable within an outer diameter of 14 inches, which
is the standard sounding rocket payload diameter in use
at Andøya Space Center and Europe in general. As
another example of the flexibility of the hybrid
technology: these improvements could also have
resulted in a higher thrust level for the FWUM, instead
of a longer burn time, simply by changing its operating
conditions. A longer burn time however, is more
favorable for the future Aurora stage, when it will be
used as the 2nd stage for the NorthStar Launch Vehicle.

The flight test program will start with flying the
Nucleus rocket in a demonstration flight in early-2017,
following the successful completion of the Unitary
Motor test campaign. The Nucleus rocket is not only
the demonstration platform for the hybrid propulsion,
but it is also used for defining and subsequently testing
of the system aspects of flying this family of hybrid
rockets. It will enable Nammo to test the Unitary Motor
in a real life environment, and thus to advance the
motor technology to TRL7. The demonstration launch
will prove the potential of hybrid propulsion as a
worthy replacement of the aging solid rocket motors
utilized today on most sounding rockets programs. It
will also develop and demonstrate the capability of the
Launch Site at Andøya to handle these new rockets
powered by H2O2-based hybrid rocket motor
technology.

The test campaign of the FWUM started in May 2016,
with the first firing shortly before the writing of this
paper. This first firing has been done with two
consecutive pulses, effectively demonstrating the restart
capabilities of Nammo’s hybrid technology.

Table 4: Main Characteristics of the Nucleus

Figure 17: The FWUM during the second pulse of
the first firing, on May 19th, 2016
According to preliminary data analysis, the FWUM
delivered the expected performance during both pulses
and behaved according to the predictions. The test
campaign is based on 3 more firings, with theoretical
full duration reached already on the 3rd firing.
Haemmerli
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Based on the given architecture, a performance
simulation model has been written in MatLab. Most of
the parameters used in the simulation model are based
on the results of the test campaign of the Unitary Motor.
The resulting trajectory is shown on Figure 19.

Figure 19: Trajectory calculated with the Simulation
code.
In the previous section, several unique operational
properties of hybrid propulsion and the Unitary Motor
from Nammo were highlighted. Provided as an
illustration of its capabilities, the hybrid system offers
the possibility to adapt the apogee of the trajectory for a
given payload by simply changing the level of filling of
the oxidizer tank. With only such a simple change of
the configuration, it is possible to adapt the desired
altitude of the rocket, and to adjust the apogee to the
actual region of interest. For example, if the interesting
phenomenon moves from 110 km to 90 km altitude, it
will be possible to reduce the amount of oxidizer to
make sure that the apogee is at the right altitude,
without using ballast as would have been necessary
with solid rocket motors. This possibility is illustrated
in Figure 20 for a 34.3 kg payload and the rocket
planned for the demonstration flight.

Figure 18: Basic Architecture of the Demonstration
Rocket.
The basic architecture for the demonstration flight
rocket is presented in Figure 18 along with its main
characteristics in Table 4. The architecture will be
refined for the future commercial use of the Nucleus
rocket when an actual payload for scientific purposes
will be onboard. Some components will have additional
safety margins build-in in the version used for the
demonstration flight.
The primary goal of the first flight is to test the
characteristics of the propulsion system. A complete set
of measuring probes will be implemented on the motor
and the fluid system to ensure good operation of the
motor and to check to validity of the performance
model. Accelerometers are used to measure the
movements of the rocket as a whole, but additional ones
will be used to measure the effects of the running of the
Unitary Motor on the payload and the structure. To
measure the vibrations generated by the hybrid rocket
motor is important information for the design work on
the larger stages. All this information will be collected
by the payload and send to the ground via telemetry. At
this moment it is not foreseen to recover the rocket.

Haemmerli
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The first flight will be used to gather functional and
performance data, necessary information which will be
used to further improve the Unitary Motor and the
rocket, allowing for an optimization of the Nucleus
system towards a commercial product. When the
baseline Nucleus rocket has been defined, additional
features like the use of a TVC system, unlimited stop
and restart and throttling capabilities of the Unitary
Motor will be introduced through spiral development
activities. These additional features will enable Nammo
to provide a sounding rocket that can be perfectly
tailored to each mission, based on primarily common
hardware elements supplemented with mission specific
interchangeable supplements. When that happens, the
concept of modularity will really start to pay-off.

mass range, with a payload up to 50 kg and a traditional
ground based launcher. The project encompasses the
design of the launcher itself and its ground base
(concept of operation and infrastructure). The
propulsion system of the launcher will here be designed
using a tradeoff between two propulsion technologies,
liquid (from the German Aerospace Center DLR) and
hybrid. This tradeoff will take into account both the
performances and the cost of the two technologies, in
order to find the optimal architecture for such a nanolauncher1.

LAUNCHER STUDY PROJECTS
Following the successes of Nammo’s hybrid
development program, the company has been
approached by several consortia of European
companies to provide propulsion elements to them in
support of Low Cost Access to Space solutions funded
by the main Science and Technology program of the
European Commission: Horizon 2020 (H2020).
Nammo teamed up with two of them and both proposals
(as the only two in 2015) received funding under this
call from the European Commission. Both projects are
to last 3 years and show the large interest in Nammo’s
hybrid propulsion technology, obtaining support from
political and industrial point of view.

Figure 22: Logo of SMILE
In support of these projects, Nammo has made a Stage
Design Code in order to provide the other partners a
preliminary sizing of the propulsion systems of each
stage depending on the application. This include sizing
of the motors for the required total impulse, clustering
multiple motors when necessary, sizing of the oxidizer
tank and of the oxidizer feeding system (either pressure
fed or by a turbopump) and the corresponding fluid
system (valves and pipes). Inputs from the motor
development, along with other space programs at
Nammo, have been used to develop the code and future
developments within ALTAIR, SMILE and Nammo's
own projects will be used to provide more accurate
input to the design code in order to provide a more
relevant, more detailed and more accurate design of the
vehicle design.

The first project, called ALTAIR (standing for Air
Launch space Transportation using an Automated
aircraft and an Innovative Rocket), is coordinated by
the French aerospace laboratory (ONERA) and carried
out by a consortium of 8 companies from 6 European
countries. It has a goal to develop an air-launch system
(ground base, carrier aircraft and expendable launcher)
for a payload mass up to 150 kg using an autonomous
UAV as carrier and hybrid rocket motor for the
launcher stages propulsion.

As an example of output of the code, Figure 23 show a
potential design for a nano-launcher with a payload
capacity of 50 kg to a 600 km SSO orbit. As one can
see, the same motor (called UM2) is used for both the
first and the second stage. The only difference between
the two is the nozzle area ratio: the motors of the first
stage have a nozzle optimized for atmospheric
condition and the ones in the second stage for vacuum
condition. The same motor is hence used 12 times
within a single launcher. Coupled with the use of the
same motor within the sounding rockets of the
NorthStar family, this leads to a very high production
rate, reducing thus the cost and increasing the
reliability.

Figure 21: Logo of ALTAIR
The second one, called SMILE (standing for SMall
Innovative Launcher for Europe), is coordinated by the
Dutch National Aerospace Laboratory (NLR) with a
consortium of 14 companies spread across 8 countries.
This project is looking at the lower end of the satellite
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The development of low cost hybrid propulsion has
been the enabler of a nano-launcher concept based on a
modular and phased approach.
Motor development has reached the testing stage of
flight hardware of the first modular engine: Unitary
Motor 1. Shortly after, the Unitary Motor 1 will fly in
the Nucleus rocket, which is not only a test bed for the
hybrid propulsion, but also a small sounding rocket for
scientific research.
After the success of the Unitary Motor 1, clustered
configurations will be flown. In parallel, the more
powerful Unitary Motor 2 will be manufactured and
which will power the first stage of the nano-launcher.
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